Understanding the fate of carbon (C) and nitrogen (N) inputs and outputs from commercial broiler operations is important for increasing the flock C and N efficiency and reducing gaseous emissions. This study was conducted to determine the C and N balance for broiler chickens grown in cages from day old to 42-d market age. Concentrations of ammonia (NH3), methane (CH4), carbon dioxide (CO2) and nitrous oxide (N2O) gases in three side-by-side mechanically ventilated caged broiler houses were measured using an infrared photoacoustic multi-gas monitor coupled with a multi-channel sampler system. Bird manure was removed out of the houses daily. Ventilation rate (VR) was determined by continuously monitoring the building static pressure and operational status of the exhaust fans whose performance was determined in-situ with a fan assessment numeration system (FANS). At the end of 42-d growth period, the N recovery relative to the total feed N intake was 148.2±3.78 g N·bird-1 (mean±SD) 58.6±2.20% in live birds, 34.5±1.42% in manure, and 3.14±0.60% in TAN emissions, with the amount of N2O emitted being negligible. The C input recovery relative to the total feed C intake was 1,738±33.4 g C·bird-1,31.3±1.17% in live birds, 22.5±0.11% in manure, 41.4±3.47% in CO2-C emissions, and 0.27±0.01% in CH4-C emissions. The C and N accumulation of the market broilers was, respectively, 544 g·bird-1 and 86.9 g·bird-1, whereas the manure C and N accumulation was, respectively, 390 g C·bird-1 and 51.1 g N·bird-1. Total TAN emissions over the 42-d growth period averaged 4.65±0.84 g·bird-1. The total emission of CH4-C and CO2-C for the same period was 4.72±0.12 g·bird-1 and 718.9±47.5 g·bird-1, respectively. 
Introduction
The environmental impacts of manure management and treatment for broiler production are two challenges facing the industry. Three countries, i.e., China, Thailand, and Vietnam, produce one-third of the world's chickens (FAO, 2005) . The large amounts of nutrients, water and energy input and output for associated with the production affect the carbon (C) and nitrogen (N) cycles of the operation (Steinfeld et al., 2007) . Various attempts have been made to quantify N budget from broiler facilities, but few studies regarding C balance. Mitran et al. (2008) estimated the N mass balance for broilers and found that the largest N output was in the broilers themselves, amounting to 67±2% of total N inputs, with the secondary outputs of N accumulations in the litter (mixture of manure and bedding), 26±2%, and TAN emissions amounting to 13±0.4% of the total N inputs. Coufal et al (2006) estimated N mass balance for 18 broiler flocks grown at one location over 3 years; and the dietary N was distributed as follows: 57% in broiler carcass, 22% in litter, and 21% as NH 3 -N loss. Patterson et al (1998) used a N budget approach on broilers by documenting feed N, broiler carcass N, and N accumulation in the litter at several commercial broiler facilities and found that the broiler carcasses accounted for 51% of the feed N, whereas 31% was in the litter with the remaining 18% attributed to NH 3 -N emissions. Different residence duration of the litter in the house, methods of manure or litter removal, and types of housing system (e.g., rearing on floor vs. in cages) all can indirectly influence the transformation of the C and N materials Guiziou et al, 2005; Groot Koerkamp et al, 1994 . It is critically important to know the C and N contents in both fresh manure and when it is cleaned out of the house, so that the corresponding C and N loss can be determined.
The objective of this study was to determine the respective content of C and N in the feed input and the output of broiler and its manure, and analyze the C and N budget of the growing broilers through mass balance.
Materials and Methods

Housing Description and Management
A-frame shaped cage broiler houses at a commercial broiler farm in Penglai, Shandong province, China was selected for the C and N budget study. The broiler houses each had a dimension of 102 × 8 m (L × W) and a north-south orientation. Each house had four cage rows and each cage row had four tiers, with an initial bird number of 15,300 (stocking density of 12-15 birds/m 2 ). Clapboards were placed between two cage tiers for manure collection. The houses used tunnel ventilation with four 1.4 m diameter fans installed in the north end wall. There were 12 inlets of 1.3 × 0.65 m (L × W) each in the south end wall and 24 ceiling inlets of 0.8 × 0.8 m (L × W) each. Operations of the exhaust fans and inlets were controlled based on house temperature. Birds were fed thrice a day at 7:00, 11:00 and17:00h through automatic feeders and had unlimited access to drinking water. A total of 160 broilers in 10 cages were randomly selected (see Figure 1 for locations) for monitoring of C and N inputs and outputs throughout the 6-week grow-out cycle during the period of August 15 to September 25, 2010.
The bird manure was removed out of the houses daily. The manure was first manually scraped off the clapboards to the collection gutter and was then removed with mechanical scrapers directly to the biogas plant for anaerobic methane production. Bird performance data, including feed consumption, bird age, and body weight gain, were collected during the experiment. 
Data and Sample Collection
Estimating the C and N budget for broilers requires estimating the major C and N inputs and outputs of each house. This requires documenting the C and N inputs from the chicks, the feed, the make-up air and the water; C and N outputs in the fully grown broilers, the gas emissions (NH3, N2O, CH4 and CO2), and the manure. The C and N budget is as follows: 
All feed for the trial group was weighed prior to feeding, and any unconsumed feed was removed and subtracted from the total feed input everyday. Samples of all feeds (three phases) were collected for laboratory analysis, and the feed C and N input was determined from the weighed quantities of all feed consumed and the N content of the feed as determined by direct chemical analysis. The N content of the feed was determined from feed samples collected on day 2, 6, 10 (Brooding phase), 22, 25, 28 (Growing phase 1), 31, 37, and 42 (Growing phase 2), namely, three feed samples per feeding phase.
The mass of all birds entering and leaving the facility was also measured. Day-old chicks were weighed in groups of 50 chicks before placement into the house, and market-age broilers were weighed in groups of 10 as they were removed from the trial group at 42 d of age. In addition, seven times during the production period (day 1, 8, 15, 22, 29, 36 and 42) 160 broilers were randomly selected from each house and weighed with an electronic balance (±5 g). On day 1, 10, 21, 30, and 42, five broilers samples from each house were randomly selected, weighed, killed suffocation, and frozen for laboratory analysis.
Manure samples were collected twice a week during the 42-d grow-out period. Manure of all the 160 broilers in three house were taken on the manure board and daily weighed to manure production. Collected all manure was placed in a large container and thoroughly mixed together, and pooled from all 10 cages to make a composite sample, and collected to take 500g manure sample from the container, and stored in ziplock bag. The samples were stored in a cool (0℃), dry place, two weeks later transported to Animal Environment Facility Surveillance, Inspection and Testing Center/Beijing, Ministry of Agriculture (Beijing, China) for pH, dry matter (DM), moisture content (MC), total nitrogen (TN) and total carbon (TC).
Sample preparation and Analysis
All manure samples were acidified with sulfuric acid (9 mol/l H 2 SO 4 ,10g manure：1ml H 2 SO 4 by wet weight). Reducing the pH of litter samples has been shown to prevent the volatilization of NH 3 during the drying process (Burgess et al, 1998) .
Bird carcasses were homogenized before freeze-dried using a Christ freeze dryer (Martin Christ Gefriertrocknungsanlagen GmbH., Osterode am Harz, Germany). To facilitate homogenization, day-old chick carcasses were heated in an autoclave at 120℃ for 90 min, and subsequent broiler carcasses were heated at 120℃ for 180 min. All carcass samples were sealed in crisper to prevent the loss or addition of moisture. After cooling at refrigeration 0℃ overnight, carcasses were thawed and homogenized using a homogenizer. This process sufficiently homogenized the entire carcass. Carcasses of all 5 day-old chicks were pooled for homogenization, but broiler carcasses were homogenized individually. Carcass samples were reground after freeze-dried using a small grinder.
All subsequent laboratory analyses were performed on a dry matter basis. Feed and manure samples were dried with a convection oven at 60℃,and the broiler samples were then freezedried using a Christ freeze dryer. All feed, manure and bird carcass samples were analyzed for total C and N content by Dumas dry-combustion method using a PerkinElmer Precisely 2400 SeriesⅡ CHNS/O Analyzer. Moisture content of the manure and feed samples from each broiler house was determined in triplicate by drying for 24 h at 105℃ in a convection oven (NY/T 302-1995) . The pH of the litter samples was determined, in duplicate, by adding 50 mL of distilled water to 5 g of manure, stirring, and then measuring pH with an electronic Basic pH meter (NY 525-2002,Model 51910 Platinum Series pH Electrode., HACH company., Loveland, Colorado., USA). The amount of crude protein entering the house was determined by estimating the amount of total nitrogen (CP = N*6.25).
Air Sample Collection and Analysis and Determination of Emission Rate
NH 3 , CH 4 and CO 2 concentrations were measured continually from 0 to 42 d of age. A photoacoustic multi-gas analyzer (model 1312, Innova AirTech Instrument, Ballerup, Denmark) along with a multi-channel sampler (designed by the Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing, China) was used to successively take samples from three exhaust sampling points that were 1.5 m in front of the exhaust fans and one sampling point from the ceiling inlet as the background reading (see Figures 1 and 2 for the sampling locations and installation). Details of the calibration and settings of the photoacoustic multi-gas analyzer were described by Zhu et al. (2010) . Indoor air temperatures and relative humidity (RH) were measured at 30 min intervals throughout the experiment using portable temperature/RH loggers (Hobo Pro T/RH, Onset Computer Corp., Bourne, Mass., USA). 
Measurement of Fan Ventilation Rate (VR)
The performance of the exhaust fans in the monitored broiler houses (ventilation rate vs. static pressure) was developed in situ using a fan assessment numeration system (FANS) (Xin et al. 2003; Gates et al., 2004) . The performance curves of the individual fans in each house were developed over a static pressure (SP) range of 0 to 60 Pa. SP was monitored using an electronic transmitter (Model 268, Danaher Setra Sensors and Controls Co., Ltd., Tianjin., China). A programmable measurement and control module (CR-1000, Campbell Scientific Inc., Logan, Utah., USA) was used to record the analog signals of the monitoring devices. The reading frequency was one time/minute. Operational status of the fans were recorded by the broiler house controller. Fans ventilation rate was determined based on the performance curves of each fan (Figs. 3) . Building ventilation rate was determined by multiplying fan capacity of each individual fan in relation to operating static pressure by that fan's actual run-time during that data collection interval (Zhu et al, 2010) . The emission rate (ER) was calculated as the average mass of gas emitted from the broiler barns per bird per hour, of the following form: ), N d is the number of birds in the house, C e,h and C i,h are concentrations of the gas under consideration at the exhaust and inlet of the house, respectively (mg m -3 ).
RESULTS AND DISCUSSION
Carbon (C) and nitrogen (N) intake from feed
The feed intake of the broilers during the grow-out period is shown in Figure 4 . The cumulative feed intake of broiler was 4.80±0.22 kg·bird -1 from day old to 42-d market age. The feed intake of the broiler in brooding phase, growing phase I and growing phase 2 was 0.729, 1.253, and 2.813 kg·bird -1 , respectively, accounting for 15.2%, 26.1%, and 58.7% of the total intake, respectively. The moisture content, total C content and total N content of the feed samples are shown in Table 1 . The total N content of the feed averaged 3.15%, ranging from 3.48% to 2.70%.The findings of this study indicated that TN content was lower for Growing phase 1 (GP1) than for Brooding phase and Growing phase 2.The main reasons for this could be the use of different feed and differences feed additives. Feed N content for all the three growth phases was significantly different. Feed N intake of the broilers for market-broiler weigh was 148.2 g N·bird ).The C content of the feed averaged 39.4%, and there was no significant difference among the three growth phases. Feed C intake of the broilers was 1737.9 g C·bird 
Carbon (C) and nitrogen (N) accretion in broilers
The broiler performance parameters of body weight, feed conversion and livability are presented in Table 2 . Broiler carcass weight and composition are also important variables in completing the C and N mass balance. The day-old chick weight averaged 47.2g while the market body weight of the weighed birds was 2,789 g which was higher than the overall average body weight of the broiler house (2,680 g). The body weight gain (BWG) from 1 to 42 d was 2,742 g, and growth within periods (1 to 17 d, 18 to 28 d, and 29 to 42 d) was 541, 781, and 1,420 g, respectively, with an increase dramatically. Body weight gain (BWG) in broilers generally slows down significantly from about week 6 or 7 (Leeson et al, 1997) , while the proportion of the feed intake that is required for maintenance increases from that age. Overall feed conversion (kg feed/kg BWG) was 1.75. The average feed conversion in three phases was 1.41, 1.72, 1.88 kg·kg -1
, respectively, and showed and steady increase with the age. In addition, brood phase (BP) of the highest feed efficiency was significantly higher than the feed efficiency at growth GP1 and GP2 (p<0.05). The findings of this study for feed efficiency of caged broilers production are in accordance with results reported by Coufal et al (2006) and Mitran et al (2008) on intensive production (1.72). It can be concluded that feed efficiency as well as conversion of protein and metabolisable energy decreases with growing age of broilers. The average livability rate of broilers was 94.6%, within acceptable limits for all houses. DM, C and N content of the broilers are presented in Table 3 .The C and N accumulation of the market broilers was, respectively, 544 g·bird -1 and 86.9 g·bird -1 
Manure production and carbon (C) and nitrogen (N) content
Manure production increased with bird age has a huge increase, then on September 6 th (23 days), after which daily manure production tended to be relatively stable till market age. The cumulative manure production was 5.17±0.21 kg·bird , respectively, amounting to 13.9%, 28.0%, and 55.7% of the total manure volume, respectively.
The quantity and property of the manure influence the generation of ammonia gas and methane directly. Therefore, it is necessary to estimate the quantity of the manure accurately before determining the C and N loss of the broilers and developing the appropriate nutrient management plans to lower the C and N discharge. Different units are used in literature to denote such quantity (Table4). In this study we used the unit of as-is manure weight from 1,000 broilers for the entire production cycle, i.e., 1.24 t (1000 birds) -1 (DM). The literature values ranged from 1 to 1.65 t·(1000 birds) -1 (Patterson et al, 1998; Chamblee et al,.2002) . The MC, pH, and C and N content of the manure at different production stages are shown in Table 4 . MC of the fresh manure averaged 75.9% and there was no significant difference among the different production phases (P < 0.05). The manure C and N accumulation was, respectively, 390 g C·bird -1 and 51.1 g N·bird -1
. 
Carbon and Nitrogen Emissions
Diurnal variation of NH 3 and GHGs emission and cumulative emission rates in broilers production are shown in Figure 5 . The Figure 5a show the daily NH 3 emission rates ranging from 8.5 to 342 mg·day ·bird -1 throughout the grow-out period. The main reasons for this could be the differences of feeding and manure management.
The Figure 5c show the daily CH 4 emission rates ranging from 19.5 to 352 mg·day -1 ·bird -1 over the 42-d period. Daily CH 4 emissions were rise dramatically during the brooding phase and growing phase 1, followed by a slow decline from 32 to 42 d of age. This decline of CH 4 emission is due to the temperature is low from 32 to 42 d. Wang et al (2005) estimated CH 4 emissions rate from poultry enteric fermentation, using a respiration chamber ,and the CH 4 emission factors of commercial broilers were 15.87-1,500 mg·bird , which is much larger than the reported range of zero emissions (Guiziou et al, 2005) to approximately 15 g·d . The proportions of the NH 3 emission of all the three phases are as follows: 33.6% in brooding phase, 36.4% in growing phase 1, and 29.9% in growing phase 2, respectively; and the emission of NH 3 in brooding phase and growing phase 1 are not significant (P>0.05),but significantly higher than that of growing phase 2(P<0.05).The emissions of CH 4 and CO 2 of the broiler at growing phase 2 is significantly larger than that of growing phase 1 and brooding phase (P<0.05). The majority of CH 4 and CO 2 , specifically 54.2% 61.1%, was emitted during the growing phase 2 from 28 to 42 d. The total CH 4 and CO 2 emission over the 42 d averaged 6.30±0.16 g·bird 
Carbon and nitrogen balances of the broilers
Carbon and nitrogen balances in broiler are shown in Table 5 and Table 6 , respectively. The N accretion in the broiler carcass was the main output of the feed N source, amounting to 58.6% of the feed N, followed by the N output in the manure, amounting to 34.5% of the feed N. The N lost in the form of gas amounted to 3.14% (4.65 g·bird -1 ) of the total feed N. The N balance had a discrepancy of 3.8%. The literature values were primarily for broilers raised on new or mostly built-up litter, where N loss in the form of ammonia gas was higher. Mitran et al. (2008) estimated the TAN emission from a complete broiler cycle was 17.5±0.5 g·bird -1 , Coufal et al (2006) estimated the average rate of N loss was 24.8 g·bird -1 over all 18 flocks, Patterson et al (1998) used a N budget approach to estimated the NH 3 -N emissions from two commercial broilers company was 28.5 and 19.6 g·bird -1 . The amount of N accretion into the marketed broilers was relatively constant among the three houses, ranging between 83.3 and 92.5 g N·bird -1
, with an average of 86.9 g N·bird -1
. The carcass N accretion accounted for 56.4 to 60.8% (mean of 58.6%) of the total feed N input. These values were slightly higher than the 51% to 57% estimated by Patterson et al (1998) and Coufal et al (2006) . The CO 2 generated by the bird respiration was/is the principle component of the C output, amounting to 41.4% of the feed C input. Next was the C accumulation in the broiler carcass, amounting to 31.3% of the feed C input. C export in the manure accounted for 22.5% of the feed C. Finally C loss in the form of CH 4 gas amounted to 0.27% of the feed C input. The C balance had a discrepancy of 4.6%.The C accretion in the market-age broilers was 521 to 579, mean of 544 g C·bird , which accounted for 31.3% of the feed C inputs. There was little variation in C accretion for the marketed broilers. 
Conclusion
During this study, a mass balance approach was used to provide a C and N budget from commercial cage-grown broilers production, and provides more detailed quantification of C and N, as compared with previous cage and floor broilers production of China. , respectively. The results from this study allow to propose further management work to improve the broilers production.
